T uberculosis is the second most common cause of death from infectious diseases in the world. 1 During the period from 1990 through 2003, the incidence of tuberculosis increased globally. 2 The World Health Organization (WHO) has reported that Asia and sub-Saharan Africa accounted for 84.1% of the estimated 8.8 million new cases of tuberculosis worldwide in 2005. 3 Global migration has greatly affected the epidemiology of tuberculosis in developed countries. In 2007, foreign-born persons accounted for 57.8% of new cases of tuberculosis in the United States. 4 In that year, the tuberculosis rate in the United States was 20.6 cases and 2.1 cases per 100,000 population among foreign-born and U.S.-born persons, respectively. 4 Furthermore, 27 .5% of tuberculosis cases among foreign-born persons are diagnosed within 2 years after the person's arrival in the United States. 5 Approximately 400,000 immigrants and 50,000 to 70,000 refugees arrive in the United States annually, many from countries with a high incidence of tuberculosis. 6 Therefore, these populations are likely to contribute substantially to the tuberculosis burden among foreign-born persons in United States.
To eliminate tuberculosis in the United States, it is essential to control and prevent tuberculosis in foreign-born persons. 7 Overseas tuberculosis screening of U.S.-bound immigrants and refugees, coupled with follow-up evaluation after their arrival in the United States, is considered to be one intervention that may decrease the incidence of tuberculosis in foreign-born persons in the United States. 8 Previous studies of this intervention have focused primarily on the follow-up evaluation at state and local levels, 9-17 although one recent study examined the efficacy of overseas screening for tuberculosis among U.S.-bound immigrants in Vietnam. 18 To understand the epidemiology of tuberculosis in U.S.-bound immigrants and refugees, we analyzed data from the Centers for Disease Control and Prevention (CDC) notification system for tuberculosis in immigrants and refugees.
Me thods

Populations of U.S.-Bound Immigrants and Refugees
Demographic data for 2,714,223 immigrants who received a visa for permanent residence and who arrived in the United States during the period from 1999 through 2005 were obtained from the U.S. Department of Homeland Security. Demographic data for 378,506 refugees who arrived in the United States during the same period were obtained from the CDC's notification system for tuberculosis in immigrants and refugees, which collects information about overseas screening for tuberculosis and follow-up evaluation of immigrants and refugees after their arrival in the United States. The office of the Associate Director for Science, Division of Global Migration and Quarantine, CDC, determined that this analysis was considered to be part of the CDC's public health surveillance activities, not human-subjects research, and therefore approval by an institutional review board and informed consent were not required.
Overseas Screening for Tuberculosis
A medical examination performed overseas is required for U.S.-bound immigrants and refugees. The U.S. embassies and consulates appoint 400 to 800 licensed local physicians worldwide as panel physicians to perform the examinations. 7, 8 The U.S. Department of State sponsors refugees, but immigrants are responsible for paying for their own examinations. Although there is no formal certification process, the CDC provides technical guidance and oversight to the panel physicians. 7, 8, 19 Screening for tuberculosis is a major component of the examination. During the period from 1999 through 2005, the tuberculosis screening algorithm, which was based on the 1991 Technical Instructions for Panel Physicians, consisted of a standard posteroanterior radiograph of the chest for persons 15 years of age or older; in the case of those with a chest radiograph suggestive of active tuberculosis or with symptoms of tuberculosis, sputum specimens were obtained on 3 consecutive days and stained for acid-fast bacilli. 19 Panel physicians made local arrangements for the radiologic and laboratory examinations required as part of the screening. 8 No mycobacterial cultures were obtained during the study period. Children younger than 15 years of age were required to undergo screening for tuberculosis only if they had a history of tuberculosis, signs or symptoms suggestive of tuberculosis, or close contact with someone who had tuberculosis.
Persons were classified as having smear-positive tuberculosis if the chest radiograph was sug-gestive of active tuberculosis and one or more sputum smears were positive for acid-fast bacilli; smear-negative tuberculosis if the chest radiograph was suggestive of active tuberculosis and sputum smears were negative for acid-fast bacilli on 3 consecutive days; inactive tuberculosis if the chest radiograph was suggestive of tuberculosis that was not clinically active (e.g., showing fibrosis, scarring, pleural thickening, diaphragmatic tenting, or blunting of costophrenic angles); or no tuberculosis, if the chest radiograph was normal. 19 Persons with smear-positive tuberculosis had two options: either complete a course of tuberculosis therapy, administered over a specified period of time with documented smear negativity at the end of treatment, at which point they would be reclassified as having inactive tuberculosis, or receive tuberculosis treatment until sputum smears became negative and then apply for a medical immigration waiver. 7, 8 Persons with immigration waivers were allowed to travel to the United States but were instructed to report to the U.S. jurisdictional public health agency for evaluation. 7, 8 Persons with smear-negative or inactive tuberculosis were allowed to travel without restriction, although a voluntary evaluation visit to the U.S. jurisdictional health agency after their arrival in the United States was recommended. 7, 8 Although aggregate national data are unavailable, previous studies indicate that the percentage of post-arrival follow-up evaluations that are completed varies widely among tuberculosiscontrol programs of state and local health departments, ranging from 63.6 to 97.3%. 8, 10, 13, 14 
Follow-up Evaluation after Arrival in the United States
When immigrants and refugees with overseas diagnoses of tuberculosis arrive at U.S. ports of entry, their medical-examination forms (Department of State forms DS-2053, DS-3024, DS-3025, and DS-3026) are collected by the U.S. Citizenship and Immigration Services of the Department of Homeland Security and forwarded to the CDC Quarantine Station that has jurisdiction over the port of arrival. 7 The CDC notifies health departments of arriving immigrants and refugees in whom tuberculosis was diagnosed overseas. Health department physicians are asked to conduct a follow-up evaluation, assign a post-arrival tuberculosis diagnosis, and sign and return the followup evaluation form (CDC form 75.17) to the CDC.
We categorized the status of these immigrants and refugees in the following way: follow-up completed, if the evaluation form included information about a tuberculosis diagnosis; follow-up not completed, if the evaluation form had other follow-up information but did not have information about a tuberculosis diagnosis; lost to follow-up, if the evaluation form had no follow-up information or indicated that the person had not been located; or follow-up form not received by the CDC. On the basis of results of chest radiography and sputum smears, health department physicians assigned one of the following post-arrival diagnoses for persons who completed the follow-up evaluation: active pulmonary tuberculosis; extrapulmonary tuberculosis; pulmonary tuberculosis, activity undetermined; inactive tuberculosis; or no tuberculosis.
The percentage of post-arrival follow-up evaluations that were completed could not be calculated, since some evaluation forms were not received by the CDC. We therefore estimated a lower percentage and a higher percentage. The lower estimate was based on the assumption that immigrants and refugees did not complete the follow-up evaluation if their evaluation forms were not received by the CDC. The higher estimate was based on the assumption that they completed the follow-up evaluation even though their evaluation forms were not received by the CDC.
Statistical Analysis
In this analysis, we focused on smear-negative and inactive tuberculosis. We calculated the prevalence of smear-negative and inactive tuberculosis among immigrants and refugees, examined time trends for the prevalence of these conditions, and analyzed the results of the post-arrival follow-up evaluation. The WHO regions used in the analysis were the African region, the region of the Americas, the Eastern Mediterranean region, the European region, the Southeast Asian region, and the Western Pacific region. Table 2 ). The prevalence of smear-negative tuberculosis among refugees was slightly higher than that among immigrants, but the prevalence of inactive tuberculosis among refugees was 3.4 times as high as that among immigrants (Tables 1 and 2 ). During the same period, 31 immigrants and 16 refugees with smear-positive tuberculosis were granted immigration waivers. Table 2 shows the results of overseas screening of refugees from 1999 through 2005 according to geographic region. Refugees born in the Western Pacific region had the highest prevalence of smear-negative and inactive tuberculosis. Only 7.6% of U.S.-bound refugees were born in the Western Pacific region, but they accounted for 40.6% of the cases of smear-negative tuberculosis and 12.0% of the cases of inactive tuberculosis among refugees. The top five birth countries of refugees with overseas diagnoses of tuberculosis (Ukraine, Vietnam, Somalia, Bosnia and Herzegovina, and Sudan) accounted for 44.8% of U.S.-bound refugees but for 58.5% of the cases of smear-negative tuberculosis and 69.1% of the cases of inactive tuberculosis among refugees.
Geographic Variation
Birth Countries with a High Prevalence of Tuberculosis
During the 1999-2005 period, 56.8% of U.S.-bound immigrants and 62.2% of U.S.-bound refugees were born in countries that had a tuberculosis prevalence of 100 or more cases per 100,000 population per year, as estimated by the WHO, but they accounted for 95.3% of the cases of smear-negative tuberculosis and 80.4% of the cases of inactive tuberculosis among immigrants as well as 90.1% of the cases of smear-negative tuberculosis and 80.4% of the cases of inactive tuberculosis among refugees (Tables 1 and 2 ).
HIV and Tuberculosis Coinfections
Among 179 immigrants infected with the human immunodeficiency virus (HIV), 4 (2.2%) had smear-positive, smear-negative, or inactive tuberculosis. The proportion of immigrants with overseas diagnoses of tuberculosis did not differ significantly between those who were infected with HIV and those who were not (2.2% and 1.8%, respectively; P = 0.57). Among 1343 refugees infected with HIV, 112 (8.3%) had smear-positive, smear-negative, or inactive tuberculosis. The proportion of refugees with overseas diagnoses of tuberculosis was significantly higher among those who were infected with HIV than among those who were not (8.3% vs. 3.9%, P<0.001). Figure 1 shows the prevalences of smear-negative tuberculosis and inactive tuberculosis among immigrants and refugees from 1999 through 2005. There was a trend toward an overall increase in the prevalence of smear-negative tuberculosis among both immigrants and refugees (P<0.001 for both tests for time trends). However, the prevalence of smear-negative tuberculosis increased by only 1.9% among immigrants, as compared with an increase of 158. Figure 2 shows the estimated rates of completed follow-up evaluations in the United States among newly arrived immigrants and refugees with overseas diagnoses of tuberculosis, for the period from 1999 through 2005. For immigrants, the lower estimate (based on the assumption that the follow-up evaluation was not completed if an evaluation form was not received by the CDC) was 68.1%, and the higher estimate (based on the assumption that the evaluation was completed even though the form was not received by the CDC) was 89.1%; the lower and upper estimates for refugees were 62.3% and 90.4%, respectively. The median time from overseas screening to arrival in the United States was 83 days (interquartile range, 47 to 141) for immigrants and 111 days (interquartile range, 63 to 174) for refugees. The median time from arrival in the United States to the follow-up evaluation was 53 days (interquartile range, 26 to 103) for immigrants and 47 days (interquartile range, 26 to 86) for refugees.
Temporal Variation
Follow-up Evaluation after Arrival in the United States
On follow-up evaluation, active pulmonary tuberculosis was diagnosed in 6.9% of immigrants and 7.7% of refugees who had received an overseas diagnosis of smear-negative tuberculosis and in 1.4% of immigrants and 1.8% of refugees who had received an overseas diagnosis of inactive tuberculosis (Table 3) . Two HIV-infected immigrants who had received an overseas diagnosis of smear-negative tuberculosis completed the follow-up evaluation, and active pulmonary tuberculosis was not diagnosed in either of them. Active pulmonary tuberculosis was diagnosed in 5 (17.9%) of the 28 HIV-infected refugees who had received an overseas diagnosis of smearnegative tuberculosis and in 3 (9.1%) of the 33 HIV-infected refugees who had received an overseas diagnosis of inactive tuberculosis.
Discussion
One objective of overseas screening for tuberculosis is to identify active tuberculosis in U.S.-bound immigrants and refugees before their arrival in the United States. Another objective is to allow appropriate follow-up of newly arrived immigrants and refugees who are at high risk for tuberculosis. Overseas screening also provides a unique opportunity to offer preventive therapy for latent tuberculosis infection, since the majority of immigrants and refugees with overseas diagnoses of tuberculosis have a positive tuberculin skin test. 11 From 1999 through 2005, an average of 4285 immigrants and refugees with smear-negative tuberculosis and 4480 with inactive tuberculosis arrived annually in the United States. During that period, only 47 immigrants and refugees with smear-positive tuberculosis were granted immigration waivers. The number of cases of smearpositive tuberculosis diagnosed by overseas screening was unavailable, although a previous study has reported that 7.0% of adults with a chest radiograph suggestive of active tuberculosis have positive smears. 18 The algorithm for tuberculosis screening put forth in the 1991 Technical Instructions for Panel Physicians 19 could not identify persons who had tuberculosis that was smear-negative but culturepositive. The limitations of this algorithm have been confirmed by a previous study, which showed that 10.9% of persons with smear-negative tuberculosis have positive culture results. 18 To address these limitations, the CDC released the 2007 Technical Instructions for Tuberculosis Screening and Treatment for Panel Physicians, which require a mycobacterial culture and drug-susceptibility testing for persons with suspected tuberculosis. 22, 23 Our findings indicate that overseas screening is a relatively high-yield intervention for identifying cases of active tuberculosis in U.S.-bound immigrants and refugees. We found that among immigrants and refugees who underwent followup evaluation after their arrival in the United States, active pulmonary tuberculosis was diagnosed in 7.0% of those who had received an overseas diagnosis of smear-negative tuberculosis and in 1.6% of those who had received an overseas diagnosis of inactive tuberculosis. Our findings are consistent with those of previous studies, in which active tuberculosis was diagnosed in 3.3 to 14.8% of immigrants and refugees who had received an overseas diagnosis of smear-negative tuberculosis and in 0.4 to 4.3% of immigrants and refugees who had received an overseas diagnosis of inactive tuber culosis. [8] [9] [10] [11] [12] [13] [14] [15] In comparison, active tuberculosis is identified in 0.7 to 2.4% of persons who have close contact with patients with infectious tuber culosis. [24] [25] [26] Our analyses show that during the period from 1999 through 2005, the majority of cases of tuberculosis diagnosed overseas among U.S.-bound immigrants and refugees were among persons born in the Philippines, Vietnam, China, Mexico, and India. Previous studies in which data from the CDC's National Tuberculosis Surveillance System were used have shown that these five countries also account for the majority of cases of tuberculosis diagnosed in foreign-born persons in the United States. 4, 5, 27, 28 In addition, our study showed a trend toward an increasing prevalence of smear-negative tuberculosis among immigrants and refugees. These findings highlight the need to target and enhance overseas screening, treatment, and control activities for tuberculosis among U.S.-bound immigrants and refugees from countries with a high incidence of tuberculosis.
We found an association between tuberculosis and HIV infection among refugees but not among immigrants. This finding was not unexpected, since during the study period, restrictions were placed on the admission of HIV-infected immigrants to the United States, restrictions that did not apply to HIV-infected refugees. Despite the elevated prevalence of tuberculosis among HIV-infected refugees, cases in this subgroup did not contribute substantially to the number of Our findings should be interpreted in the context of the limitations of the data used in this study. Misclassifications of tuberculosis cases are likely to have occurred during overseas screening and post-arrival follow-up evaluation. We could not examine the effects of misclassification owing to a lack of detailed case information. On postarrival follow-up evaluation, no tuberculosis was diagnosed in 26.4% of the immigrants and refugees who had received an overseas diagnosis of smear-negative tuberculosis and in 36.6% of those who had received an overseas diagnosis of inactive tuberculosis, suggesting that tuberculosis may have been overdiagnosed overseas. Although the CDC has developed technical instructions for panel physicians, accurate diagnosis of tuberculosis still depends on many factors, including the professional training of the examining physician and the quality of laboratory testing. In addition, we lacked follow-up data for 31.9% of the immigrants and 37.7% of the refugees with overseas diagnoses of tuberculosis. Finally, we are likely to have underestimated tuberculosis cases in children, since the screening algorithm in use during the study period did not require a routine chest radiograph for children younger than 15 years of age.
Overseas screening for tuberculosis, with follow-up evaluation in the United States, is a highyield intervention for identifying tuberculosis in U.S.-bound immigrants and refugees and could reduce the number of tuberculosis cases among foreign-born persons in the United States. Improvements such as overseas use of mycobacterial culture, drug-susceptibility testing, directly observed therapy, tuberculin skin testing for children 2 to 14 years of age, and a shorter interval between screening and departure for the United States, as well as use of the CDC's Electronic Disease Notification system for data exchange among the CDC, state and local health departments, and international partners, should increase the effectiveness of this intervention. 22,23 To further reduce and prevent tuberculosis, diagnosis and treatment of latent tuberculosis infection among U.S.-bound immigrants and refugees may be considered in the future, particularly if shortened treatment regimens for latent tuberculosis infection are proved to be effective.
